Estrogenic activity originating in unexpected places was encountered on three occasions during an investigation of whether Saccharomyces cerevisiae synthesized estrogens. In each instance, estradiol found in the conditioned yeast culture medium originated from an exogenous source and was not synthesized by the yeast. In the first instance, yeast grown in the laboratory showed a time-dependent increase in estradiol in the conditioned medium. However, the culture medium supplement Bacto-peptone was found to contain large amounts of estrone. When added to yeast cultures in the form of YPD medium (yeast extract, Bacto-peptone, and dextrose), S. cerevisiae converted the estrone to estradiol leading to the accumulation of estradiol over time. In the second instance, commercially purchased S. cerevisiae grown in a molasses medium exhibited substantial amounts of estradiol. However, corn and beet molasses contained sufficient estrone and estradiol to account for the findings. As in the first instance, the yeast converted the estrone into estradiol. In the third instance, autoclaving culture medium in polycarbonate plastic flasks was found to cause an estrogenic substance to be added to the medium, whether yeast were present or not. It was determined that the autoclaving process leached bisphenol-A (BPA) out of the polycarbonate plastic. BPA was shown to bind to estrogen receptors and to induce estrogenic.activity, including stimulation of MCF-7 breast cancer-cell proliferation and induction of the expression of progesterone receptors. The three instances highlight potential problems for investigators who might inadvertently add estrogens to experimental systems confounding their results. The BPA findings raise concerns about the possible addition of this estrogenic molecule to the food supply since polycarbonate plastic is used in myriad applications in the packaging of food and beverages. Although we are unaware of the substantial contamination of food products with BPA, we believe this possibility should be carefully investigated. -Environ Health Perspect 103(Suppl 7): 129-133 (1995) 
Introduction
Many natural, environmental, or manufactured substances exhibit estrogenic activity (1) . Since estrogens affect reproduction and cellular development and probably alter the risk of carcinogenesis, chronic environmental exposure of the population would be expected to have a major impact on health. In some cases, exposure to environmental estrogens has already been shown to cause disease in people or animals (2) (3) (4) (5) (6) estrogenic substances in research settings has led to laboratory anomalies and confounding results during experiments (7) (8) (9) (10) . In this paper, we describe the unexpected presence of estrogens and of an estrogenic molecule, bisphenol-A (BPA), in three laboratory settings and the ramifications these unexpected estrogens have had on our research (8, 10) .
BPA (4, 4 '-isopropylidenediphenol; GAS continuously being developed. Current producers have the capacity to manufacture over a billion pounds of BPA in the United States. As detailed below, autoclaving polycarbonate flasks leaches BPA from the plastic and contributes estrogenic activity to the liquid contents of the flask.
We would like to provide some background information on why we were doing these experiments and how we came to identify estrogens in unexpected places. Our laboratory has been investigating the presence of proteins in fungi that bind mammalian steroid hormones with high affinity and specificity. We have demonstrated the presence of a corticosteroid binding protein (CBP) in Candida albicans (11, 12) and an estrogen binding protein (EBP) in both Candida albicans (13, 14) and Saccharomyces cerevisiae (15, 16) . Although we had postulated that these steroid binding proteins might represent primitive steroid hormone receptor systems in yeast (15, 17) , we have subsequently cloned the genes and found these proteins likely to be flavin-containing oxido-reductases unrelated to the steroid receptors (12, 14) . We had also been interested in the corollary hypothesis that S. cerevisiae might produce an estrogenlike substance that could bind to estrogen binding protein (EBP) and act as a yeast hormone Environmental Health Perspectives (18, 19) . In the pursuit of this line of investigation to find an endogenous ligand for EBP, we have found the presence of estrogens in complex laboratory media used for culturing yeast as well as in commercially prepared yeast grown in media containing corn and beet molasses (8) . Furthermore, when we used culture media prepared using distilled water autoclaved in polycarbonate flasks, we detected estrogenic activity that was due to the presence of BPA that was leached from the plastic during the process of autoclaving (10) . Careful analysis of the data in each of the three instances showed that the estrogens were not produced by yeast, and we were able to trace the origin of these estrogenic molecules to their unexpected sources.
Materials and Methods
We purchased 1 70- [6,7- (8, 10) .
The various culture media used for the growth of S. cerevisiae and the constituents added to the media (peptone, gelatone, tryptone, and cane and beet molasses) were extracted, and the estrogen contents of the extracts were determined by reverse-phase high pressure liquid chromatography (HPLC) (8) and radioimmunoassays (RIAs) using specific antibodies to estrone and estradiol (20, 21 (8) . As shown in Table  1 , the abundance of estradiol in the conditioned medium was determined by the nature of the yeast medium used. Conditioned media from yeasts grown on YNBD (yeast nitrogen base and dextrose) and YTD (yeast extract, Bacto-tryptone, and dextrose) had trace levels of estradiol (pg/liter) while YPD (yeast extract, Bactopeptone, and dextrose) had higher levels (ng/liter). This led us to suspect that the estrogen content was determined by the medium supplement used. As shown in Table 2 , Bacto-peptone was found to be the source of the higher levels of estrogens in YPD medium. In fact, estrone was substantially more prominent than estradiol, but both steroids were present in peptone. This led us to consider whether the yeast could convert estrone to estradiol to explain the high levels of estradiol we had found in the conditioned medium. As shown in Figure  2 , yeast grown in YPD medium caused a time-dependent conversion of estrone to estradiol. When yeast cultures were grown in YNBD, a simple defined medium, only negligible levels of estrogens could be detected. In summary, Bacto-peptone contains both estrone and estradiol, and yeast exhibit the capacity to convert estrone to estradiol, thus explaining the presence of Very early in these studies, it became clear to us that the yeast culture medium contained RRA activity but that the active principle was not being produced by the yeast. Control experiments showed that autoclaving medium or distilled water in plastic flasks yielded estrogenic RRA activity in the medium or water and that the presence of yeast was not required. However, autoclaving in plastic flasks was required. Using RRA activity as a bioassay, we purified the putative endogenous ligand by a series of sequential column chromatography and HPLC steps (10) . The purified material was identified by mass spectroscopy and NMR as BPA, a major constituent of polycarbonate (Figure 1) (10) . As shown in Figure  3 , BPA competes for ER binding sites in a rat uterine cytosol preparation at a ratio of approximately 1:2000 the potency of estradiol. Extracts of water autoclaved in polycarbonate flasks showed a parallel competition profile. In similar experiments using MCF-7 cells as a source of ER, a potency ratio of BPA to estradiol of 1:1000 was found (data not shown).
We next assessed the ability of authentic BPA to stimulate MCF-7 cell proliferation. Figure 5) . In experiments to test whether the stimulation of PR could be blocked by tamoxifen, a significant rise in PR was detected at 10 nM BPA, which was completely blocked by the simultaneous addition of 1 pM tamoxifen (data not shown).
The BPA detection limit in safety assays used by manufacturers to detect BPA contamination is 10 parts per billion (ppb) (50 nM). Our data show that BPA exhibits estrogenic activity in vitro at concentrations of 10 to 25 nM (2-5 ppb), which would be below the level of delectability in the safety assays.
Our final experiments were directed at the question of whether the amount of BPA leached out of a flask by autoclaving was high enough to alter the estrogenic environment of the cells cultured in the autoclaved medium. Phenol red-free RPMI medium was prepared with water autoclaved in glass or polycarbonate flasks after preadjusting the pH to 7.4. The medium was supplemented with 5% charcoalstripped calf serum and used to culture MCF-7 cells. The cells reached confluence in 6 to 8 days, at which time basal PR levels were determined by specific [3H]R5020 binding (10) . As shown in Table 4 , the PR content of cells grown in medium autoclaved in plastic flasks is higher than when grown in medium autoclaved in glass.
Discussion
Our data describe three instances in which unexpected estrogenic activity was detected during laboratory experiments. In each case, the estrogenic activity had the potential to mislead our investigation and confuse our results. We report these experiences to alert other researchers about these events and perhaps, by informing the research community, to help avoid these unexpected estrogens from confounding the research of other investigators.
The presence of estrogens in Bactopeptone should not be surprising considering that the material is prepared from bovine and porcine sources. It is not clear how often the presence of estrogens in culture media prepared with Bacto-peptone might have given misleading experimental results. However, YPD is a very commonly used culture medium.
The source of estrogens in corn and beet molasses remains problematic. There are published reports indicating that plants can synthesize estrogens (22, 23) . However, given the experiences we have encountered in finding unexpected estrogens in various laboratory settings, one must be circumspect in assessing such reports.
Finally, we turn to the BPA results. Since polycarbonate is so universally used in multiple consumer applications, our findings raise the possibility that polycarbonate plastic may be a source of environmental estrogens. Several factors should be mentioned that suggest this may not be a major public health problem. First, BPA is a weak estrogen, about 1/2000th the potency of estradiol (10) . However, when the concentrations are high enough, BPA appears to be a full agonist. Second, our data suggest that heat is required to leach the BPA out of the plastic. It is known that the carbonate linkages are subject to electrolytic attack at elevated temperatures. It is also clear that hydrolysis is accelerated at high pH and retarded at pH 5 or below. Since acid pH protects and alkaline pH increases the leaching process, the nature of the contents and the washing process may greatly affect the rate of BPA leaching into the contents of the plastic container. Third, we have not examined the estrogenic potency of BPA when ingested orally. It is not yet known how much estrogenic potency is exerted by BPA when it is consumed and exposed to possible inactivation in the digestive tract or whether it is metabolized to inactive forms.
On the other hand, multiple opportunities exist in the consumer world for plastic containers to contaminate their food and beverage contents and thereby perhaps to cause exposure of the population to BPA. For example, large water jugs containing purified water are made of polycarbonate. Reusable bottles for soda, beer, and other beverages may be manufactured from polycarbonate. The packaging of various items for babies including food and juice containers, baby bottles, and baby food warmers, all of which might be heated in their routine use, is commonly made of polycarbonate. Finally, many metal cans used to market soups, fruits, vegetables, condensed milk, and other foods are lined with polycarbonate. Since heating may be used to sterilize or cook foods in the can, the risk of BPA contamination of the contents may be high. There are many other examples of plastics coming into intimate contact with items that people eat or drink.
We raise this issue not to cause undue alarm but merely to alert the proper agencies to evaluate the extent of this potential problem. Historically, it was well known that BPA exhibited estrogenic activity [(24-27) ; Bond et al., unpublished data]. Our data raise the question: To what extent is BPA leached from polycarbonate containers into the food supply, possibly causing exposure of the population to this estrogenic activity? We have no evidence at this time that plastic is contributing to the pool of environmental estrogens. However, as reported by so many laboratories at this meeting, many possible sources of environmental estrogens exist, and the estrogenic burden is likely to be cumulative. The potential for BPA to be leached from plastic and to cause estrogenic actions in the population is real, and we believe further studies are warranted to evaluate this possibility.
